A new method of preparation of multifunctional oligoetherols containing carbazole ring is presented. The oligoetherols were obtained in the reaction of 9-(2,3-epoxypropyl)carbazole with sorbitol and oxiranes like ethylene and propylene oxide. The structure of obtained oligoetherols was determined by IR, H-NMR and MALDI-ToF spectroscopies. Physical properties of the products render them good candidates for preparing polyurethane foams. The foams were obtained and their properties were examined. It has been found that the foams are rigid at room temperature and their apparent density was 50-70 kg/m 3 . The water uptake was low, maximum to 6.5 mass%. Obtained foams have high thermal resistance. Dynamic thermal analysis of these foams showed that 5% mass loss was initiated at 250-300 o C, while temperature of 50% mass loss was 370-404 o C. Concomitantly the increase of compression strength was observed.
INTRODUCTION
The progress in research on synthesis and properties of new polymeric materials containing carbazole ring has been observed in recent years. Carbazole and its derivatives are used in chemistry and technology of polymers, dyes, pesticides, drugs, surfactants, stabilizers and other additives for plastics [1] [2] [3] [4] [5] [6] [7] . Some of derivatives were demonstrated to have unique physical properties like photo-and electroluminescence, liquid crystallinity, electric conductivity, and non-linear optics 8- 14 . Polymers with carbazole ring fall into two categories, namely those with carbazole group in main chain and inside chain. In the latter group, some polymers contain carbazole attached by nitrogen and others in which the carbazole ring is bonded via carbon. The side chain length between main chain and carbazole is crucial for physicochemical properties like phase transition temperature, solubility in organic solvents, the ability of formation of charge transfer complexes, and non-linear optical properties. Polymers containing carbazole in main chain are usually obtained from monomers with two functional groups attached to the ring. These polymers, having the system of conjugated π bonds posses advantageous electrooptical properties 15 . The macrocyclic composed of eight carbazole units in main chain indicate useful electroluminescence 16 . The syntheses of multifunctional oligoetherols (OGE) with carbazole ring was not reported till now. High thermal resistance of carbazole makes it useful substrate to increase thermal stability of OGE and polymers obtained from them, like polyurethanes (PU) and polyesters
17-20
. Thus, the linear OGE were obtained from carbazole and epichlorohydrin leading to 9-(2,3-epoxypropyl)carbazole (EPC) followed by epoxide ring opening upon reaction with water or ethylene glycol or on alternative route by reaction of carbazole with ethylene chloride and further conversion of semiproduct by dietanolamine to give diol, which was fi nally converted to oligoetherol by reaction with oxirane axcess 18, 19 . All obtained OGE showed high thermal resistance. When propylene glycol was replaced by 3-(9-carbazoil)propane-1,2-diol in synthesis of polyester resin, the obtained polymer indicated remarkable increase of thermal stability 21 . The PU foams obtained till now were thermally stable up to long storage at 150°C. The exposure of foams to 200°C resulted in dimension and shape changes of samples. Probably the reason was too low functionality of used OGE with carbazole ring which were three--functional. Therefore, described synthesis of derivative of carbazole with more hydroxyl groups was undertaken and obtained derivative was further used to obtain PU foams with enhanced thermal stability.
EXPERIMENTAL SECTION

Syntheses
The synthesis of EPC was performed as previously 22 .
Opening of epoxide ring with sorbitol
52.48 g (0.235 mol) of EPC and 18.22 g (0.1 mol) of sorbitol (pure, POCH Poland, sorbitol: EPC 1: 2.35 molar ratio) were placed in three-necked 100 cm 3 fl ask equipped with refl ux condenser, mechanical stirrer and thermometer. The mixture was stirred and heated at 95 °C to dissolve reagents followed by addition of 6 cm 3 triethylamine (TEA, pure, Fluka, Buchs, Switzerland). The temperature of mixture was then increased to 140°C and maintained for 35 hours under nitrogen atmosphere. The progress of reaction was monitored by determination of epoxide number. Brown, semi solid resin was obtained upon cooling, from which the volatiles were further removed by vacuum drying at 80°C. 3 capacity equipped with magnetic stirrer and thermometer. The mixture was heated at 50°C for 11 hrs (in case of EO) or at 90°C for 26 hrs (in case of PO). The progress of reaction was controlled by determination of epoxide number. The products as brown resins were obtained, which were further heated under reduced pressure (p = 2132 Pa, T = 80°C) in order to remove the catalyst.
Analytical methods
The progress of reactions with oxiranes were monitored by determination of epoxide number using hydrochloric in dioxane method
23
. The product formation was also controlled by hydroxyl number (HN) and elemental analysis. Elemental analysis for C, H, N, were done with EA 1108, Carlo-Erba analyzer. The IR spectra of products were recorded with Specord 71 IR, Carl Zeiss spectrophotometer in capillary fi lm or in KBr pellet; the 1 H-NMR spectra were recorded at 500 MHz Bruker UltraShield in DMSO-d 6 with hexamethyldisiloxane as internal standard. MALDI ToF (Matrix-Assisted Laser Desorption Ionization Time of Flight) of OGE were obtained on Voyager-Elite Perseptive Biosystems (USA) mass spectrometer working at linear mode with delayed ion extraction, equipped with nitrogen laser working at 337 nm. The method of laser desorption from matrix was used with 2.5-hydroxybenzoic acid in THF at mg/cm 3 concentration. The samples with diluted with methanol to 1 mg/cm 3 , followed by addition of 10 mg/cm 3 NaI in acetone. Therefore in some cases the molecular ion masses were increased by the mass of Na + and CH 3 OH. Thermal analyses of foams (DTA, DTG and TG) were performed in ceramic crucible at 20-1000°C temperature range, about 200 mg sample, under air atmosphere with Termowaga TGA/DSC 1 derivatograph, Mettler. The number-average molecular mass M n of product of reaction EPC with sorbitol was determined cryoscopically in DMSO solvent.
Physical properties of OGE
Refraction index, density, viscosity, and surface tension of OGE were determined with Abbe refractometer, picnometer, Höppler viscometer (typ BHZ, prod. Prüfgeratewerk, Germany) and by the detaching ring method, respectively.
Preparation of polyurethane foams
Foaming tests were conducted on laboratory scale in 500 cm 3 paper cups at room temperature. In details oligoetherol (10 g) was mixed with 0.2 g of Silicone 5340 (pure, Houdry Hülls, USA) as surfactant, TEA as catalyst (0.4-2.4 wt%) and water (3 wt%) with respect to OGE. A calculated portion of polymeric diphenylmethane 4.4 ' -diisocyanate (pMDI, Merck, Darmstadt, Germany; containing 30-32% isocyanate groups) was then added and the mixture was vigorously stirred until the contents were creamed. Test samples were cut out from the foams thus obtained.
Characterization of foams
The following properties of foams were studied: apparent density 24 , water uptake 25 , linear shrinkage estimated on the basis of the change of linear dimension of the sample heated for 4 hours at 100°C 26 , thermal stability as the weight loss at 150, 175 and 200°C within one month and compression strength 27 .
RESULTS AND DISCUSSION
Synthesis and characteristics of OGE
The epoxidation was fi rst step of functionalization of carbazole on the route to OGE. The reaction was performed in acetone at 50-56°C using six molar excess of epichlorohydrin and two-molar excess of KOH in relation to carbazole. The reaction mixture was poured into water to obtain crude EPC as cream colored solid as described in 22 . The compound was subjected to ring opening with sorbitol assuming that both primary hydroxyl groups of 
In order to check whether obtained product was suitable reagent for synthesis of OGE, the solubility of compound in oxiranes: EO and PO was tested. The crude product was well soluble in oxiranes, while unreacted sorbitol, which was still present in post-reaction mixture was not. The undissolved solid was isolated and identifi ed as sorbitol by melting point (96°C) 1 H--NMR, IR spectra, and elemental analysis (% exp. C 40.85; H 7.85 versus 40,85, H 7,85; ufunkcyjne pol % calc. C 40.55; H 7.74). Indeed the 1 H-NMR spectrum of post-reaction mixture (Fig. 1a) contains characteristic resonances of sorbitol within 4.2-4.6 and 3.3-3.7 ppm regions corresponding to hydroxyl and aliphatic protons. The purifi cation of crude product by dissolving in PO, removal of undissolved sorbitol and evaporation of PO from fi ltrate, gave pure product which showed still minor resonances from methylene and methine protons in the 1 H NMR spectrum at 3.3-3.7 ppm (compare Fig. 1  a and (Fig. 4) . In the spectrum of theproduct obtained from PO, the additional resonances from methyl protons at 0. (Fig. 2) the bands of OH groups were observed at 3370 cm -1 and 1020-1200 cm -1 , the latter overlapping with C-O-C bands. The bands at 1626 cm -1 the C=C stretchings were observed, while that at 1326 cm -1 belongs to C-N in carbazole aromatic ring, which suggests the attachment of carbazole to polyhydroxyl alcohol. In the IR spectra of OGE the intensity of bands at 3370 cm -1 decreased, while the opposite effect of intensity was found for the bands at 2867cm -1 and at 1084 cm -1 obviously due to increase of number of alkyl groups and ether bonds, respectively (Fig. 3) . The 1 H-NMR spectrum of the semiproduct obtained from sorbitol : EPC 1 : 2.35 molar ratio shows the presence of resonances both from carbazole ring (7.0-8.2 ppm) and aliphatic protons of sorbitol (at 3.3-3.7 ppm). The (Table 1 entry [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , which is consistent with general formula of oligoetherol II. The following physical properties of obtained OGE were tested: density, viscosity, surface tension and refraction index. All these properties change with temperature quite typically ( Table 2 ). It was found that this kind of oxirane had releva nt infl uence on properties of OGE. It has been noticed that the lower viscosity, density, refraction index and surface tension indicate that these are oligotherols obtained from propylene oxide. These properties are caused by the least packed structure of oligoetherol related to branched oxyalkylene chain caused by the presence of methyl group. The results obtained here suggested that OGE II are suitable for obtaining PU foams. The criteria of substrates were based on surface tension, viscosity and its temperature dependence.
Formation and properties of polyurethane foams
The obtained OGE were tested on laboratory scale as substrates for PU foams. The optimization of foaming was performed changing the concentration of TEA catalyst, amount of MDI and blowing agent (water). Then the thermal stabililty of foams was determined by mass loss test and changes of mechanical properties by compression strength. It was found that the best foams, considering the rigidity and pore homogeneity was achieved when amount of isocyanate was 100-120 g and amount of water was 3 g per 100 g of OGE. Isocyanate index was circa 136 for foamed compositions. Cream time was very short 12-18 seconds) and rise time was also short (within 8-60 s). Tack free time was variable within wide range of time (5 s-5 min). Considering the amount of catalyst, which had to be higher in case of products obtained from PO was 2.0-2.4 g per 100 g of oligoetherol and 0.4-0.8 g in compositions obtained from EO (Table 3) . When these conditions were not met, the foams were not rigid (catalyst defi cit), low blowing (water defi cit) and irregular pores (water excess). Some properties of foams like apparent density, water uptake and polymerization shrinkage are the same as for classic, commercial PU foams ( Table 4 ). The obtained foams indicated low polymerization shrinkage, usually less than 1.4%. Apparent density was within 50-70 kg/m 3 , water uptake was maximum 6.5%. The foams obtained from OGE synthesized from PO showed less water uptake.
Thermal stability of foams was tested by mass loss measurements of samples heated at 150, 175, and 200 o C (Fig. 5) within one month. The samples before heating and after being heated were tested for compression strength ( Table 4 ). The foams are thermally stable at 150°C; the mass loss at this temperature is less than 8% (Fig. 5a) . The highest thermal stability has the compo- Table 2 . Some properties of OGE sition obtained from oligoetherol synthesized from PO (Table 3 , comp. No 1), for which the mass loss is 5.5%. Its compression strength increases twice upon heating at 150°C. The compression strength of the sample prepared in analogous way but obtained from EO increases even three times (Table 4) . Generally, thermal exposure at 175°C causes the mass loss 25%, while exposure of sample to 200°C results in 45% mass loss; in case of the sample of the best thermal stability these values Table 4 . Some properties of polyurethane foams Table 3 . The infl uence of composition of foaming process are 15 and 30%. Dynamic thermal analysis indicated (Fig. 6 ) that the foam of best thermal stability occured for the ample obtained from oligoetherol containing oxyethylene units; its decomposition started at 300°C, while the sample prepared from oligoetherol containing oxypropylene units decomposed starting at 240°C. Total decomposition occur at 560-580°C; no further mass loss was observed.
CONCLUSIONS
Hexafunctional OGE with carbazole ring can be obtained from carbazole and glycerine epichlorohydrin to get EPC. Its epoxide ring opening can be performed by reaction with sorbitol; the product can further be converted to oligoetherols by its reaction with oxiranes EO and PO.
Obtained OGE have similar properties to typical polyols used for PU foam preparation except much higher thermal stability. 
